Are entry and fixed exporting costs relevant for understanding the international transmission of business cycles? We revisit this question working with a model that features entry, selection to exporting activity, physical capital accumulation and endogenous labor supply. We find our model to yield minimal departures from the Backus, Kehoe and Kydland (1992) benchmark, sharing most of its failures in terms of international correlations of aggregate variables. We do find a novel interaction between entry of new firms and physical capital investment. Creation of new firms provides households with an additional margin to smooth consumption over time.
Introduction
from the benchmark Backus, Kehoe and Kydland (1992) model, improving upon some of the long lasting puzzles in the literature 1 . The latter, on the other hand, finds that incorporating fixed and sunk costs of exporting with heterogeneous firms adds almost no quantitative innovation to the performance of the standard model. The following question, hence, still remains: are entry and exporting decisions relevant for the international transmission of business cycles? To shed light into this discussion, we provide an extension of the standard two country model of business cycles that encompasses all forces highlighted in the mentioned papers: selection into exporting activity, physical capital accumulation, endogenous labor supply and entry of new firms. We propose a representation of the entry and fixed costs of exporting that parsimoniously nests versions of the models where these margins are active at different intensities. In particular, there exists a parametrization where the number of firms is fixed but the fraction of exporters is determined endogenously, as in Alessandria and Choi (2007) , and one where the overall number of producers and the fraction of exporters are constant, as in Backus, Kehoe and Kydland (1992) 2 .
Our quantitative findings suggests that entry and exporting decisions yield minimal departures from the standard two country model with a representative firm. Although volatilities of aggregate quantities are well replicated the model is still at odds with the data in terms of international variables: 1) international correlations display the opposite sign to the data, and 2) the correlation between international relative prices and relative consumptions is still counterfactually positive (The Backus and Smith (1993) puzzle). A novelty of the model is that having an active entry margin in the model dampens the volatility of investment in physical capital, enabling the model to have a high elasticity of substitution between home and foreign goods and still get plausible values for the volatility of investment. We show that the following three features of the model are critical for this result: 1) entry costs denominated in effective labor units, 2) a one period time-to-build lag for new entrants, and 3) CES technology.
In getting to the conclusion that the Backus-Smith puzzle is still a pervasive feature of the model, we take a stand on how consumption price indices are constructed, and thereby the real exchange rate. We approximate the procedure followed by the Bureau of Labor and Statistics computing the CPI as a weighted average of changes in individual prices relative to a base year. Critically, we not only assume that measured CPIs do not reflect welfare gains due to changes in the measure of varieties, but also that price changes are weighted according to expenditure shares that reflect consumption patterns of a particular year , hence being constant at business 1 The most salient improvements highlighted in Ghironi and Melitz (2005) are the ability of the model to yield positive co-movement of output across countries, and the reversion of the Backus and Smith puzzle, obtaining a negative correlation between the real exchange rate and the ratio of home to foreign consumption as observed in the data. 2 The single difference between our limiting case with constant number of firms and constant fraction of exporters and BKK is that our models has monopolistic compatition in the production of intermediate goods. The case with constant number of firms but an active extensive margin of trade still differs from Alessandria and Choi (2007) in that the latter assumes sunk as well as fixed costs of exporting. As we will show later in the paper, fixed costs of exporting alone are enough to get to the same conclusion as Alessandria and Choi cycle frequency 3 .
A contribution of our paper is the specification of entry and fixed costs of exporting. We assume there is a constant demand for labor by entry and exporting activities, plus an adjustment cost that penalizes deviations in the mass of producers and the fraction of exporters from steady state. The appeal of this specification lies in that: 1) the steady state of the model is unaltered by changes in the severity of the adjustment costs, and 2) by changing the severity of the adjustment cost we can isolate the marginal contribution of entry and the extensive margin of trade, having special cases of interest as limiting parametrization of the adjustment cost functions.
Exploiting the flexibility of our cost functions, we show that the marginal contribution of entry is to dampen the volatility of investment, exports and the trade balance. As we make entry costs cheaper, everything else equal, the economy increases the elasticity of entry at the expense of physical capital investment. Since creation of new firms requires effective units of labor instead of intermediate (tradeable) goods, a weaker demand for investment goods, reduces the volatility of exports and the trade balance. The essence of the mechanism is similar to that of adjustment costs to physical capital accumulation: increasing the relative price of investment goods. As for the marginal contribution of the endogenous export decision, we find volatilities and correlations to be roughly identical across elasticities of the fraction of exporting firms, a results that mimics the finding in Alessandria and Choi (2007) .
We conclude our quantitative analysis providing a study of the role of the financial structure for the performance of our model. Earlier work in the international business cycle literature, such as Heathcote and Perri (2002) and Kehoe and Perri (2002) , have shown the financial structure to have important implications for international business cycle statistics, particularly for the international correlation between aggregate quantities and the volatilities of international relative prices. Our analysis shows that although entry and exporting decisions are sensitive to the degree of international risk sharing, the similarity of business cycle statistics for aggregate variables with the standard model extend across financial structures too. The only difference pertains to the correlation between relative consumption and the real exchange rate, which turns negative in the case of complete markets.
The rest of the paper is organized as follows. Section 2 describes the benchmark model, and section 3 offers a discussion on the comparability of price indexes in the model and in the data. In section 4 we discuss our quantitative results and show RBC statistics under our benchmark calibration. Section 5 studies the role of entry and the fixed costs of exporting. The final section is devoted to the role of the financial structure and the elasticity of subtitution para-mater.
The Model
Our model economy is composed of a representative household, competitive producers of a final good and a continuum of heterogeneous producers of intermediate goods that operate under monopolistic competition. There are two countries, home and foreign, that can trade intermediate goods and we will alternatively assume international financial markets to be complete, to allow for international trade in a single uncontingent bond, or to preclude any trade in financial assets across countries. Unless otherwise necessary, we will restrict attention to domestic agents, omitting the presentation of foreign households and firm's problems for expositional purposes. When required to do so, we will distinguish foreign variables with a star.
Producers of Final Goods
In every period, there exist a set of domestically produced intermediate goods t ; and a set of imported varieties x;t that are available for the production of the final good 4 . The final good can be used both for consumption or investment purposes, and cannot be internationally traded. Exporting is costly and entails the payment of an iceberg cost > 1 for each unit of the intermediate good that is shipped overseas. In addition, trade is costly because firms must incur a per-period fixed export cost to gain access to the foreign good's markets. We shall describe the features of the exporting activity in more detail later in the paper, but for the purposes of this subsection it is crucial to understand that the set x;t changes over time as the economy is hit by aggregate productivity shocks or is subject to trade liberalizations. Furthermore, the set t will also be time varying since our model features entry and exit along the business cycle. Let z 2 be a particular variety, the producers of final goods combine intermediate inputs according to:
Our specification of the technology is flexible enough to capture potentially different elasticities of substitution within the set of domestic varieties, and between domestic and foreign ones. Here denotes the former, and refers to the latter. The demand for the domestic variety z is denoted by y t (z), while imports of the home country are referred as y x;t (z). An identical technology is assumed for the foreign country. Let P t be the price of the home final good, taken as given by the competitive producer of such good, and let p(z) and p x (z) denote the price of a domestic and a foreign variety z respectively. Then, the problem of the producer of final goods is given by:
subject to the technology in (1). The solution to this problem gives the following demand and aggregate price functions:
where we have defined
The aggregate price level in the home country is thus a CES aggregator of two other CES aggregates of domestic and imported varieties. The demand functions depend negatively on the variety's price relative to the aggregate price level,
pt(z)
Pt ; with price elasticity given by . Moreover, so long 6 = ; the demand for domestic varieties will also be a function of the aggregate price of domestic varieties relative to the aggregate price index in the economy,
Pt . An equivalent relationship holds for home country's imports. Finally, since the final good will be either consumed or invested, in equilibrium 5 we will have Y t = C t + I t .
Producers of Intermediate Goods
We start the analysis of the intermediate goods sector describing the optimization problem of an already existing mass of producers, then switching to the characterization of entry and exit into this sector.
Pricing and the Decision to Export
Firms are differentiated by their productivity z; so there is no loss of generality in indexing varieties with productivities, as we have done above 6 . At any point in time there exists a mass N D;t of firms that are actively producing and selling in domestic markets. These firms act under monopolistic competition, so they take the demand functions for their variety as given to maximize their profits. We assume that production is done with a Cobb Douglas production function with identical factor shares across varieties:
where k t (z) and l t (z) represent the demand for capital stock and labor units from a producer with productivity z: The notation extends naturally to the foreign country with the inclusion of the star superscript. Heterogeneity is reflected in differences in the TFP component of each firm z; which we assumed fixed 7 . All firms are subject to a common aggregate productivity factor Z t , which evolves stochastically in our model . Conditional on entry, firms can decide to engage in exporting activity. The decision is non trivial because we assume there exists a per period fixed export cost f x , measured in effective units of labor 8 , that makes only a subset of firms to find exporting profitable.
Prices are expressed in units of the final good at destination. Then, x;t (z) = px;t(z) P t is the price set by a domestic producer for its sales in the foreign market, while the real value of domestic varieties sold in the home country is (z) = p(z) P . Firms can aggregate domestic and foreign profits flows converting the latter into units of the home final good through the real exchange rate Q t = "P t Pt : Given these definitions, an intermediate producer maximizes (5) subject to (6), (7) and (8).
6 Although we refer to the production units in our model as firms, we acknowledge that these do not correspond to what firms are in reality, where a firm may embody a number of different establishments with different productivities. Implicitely, thus, we are imposing a firm in the model to actually be equivalent to an establishment. Furthermore, it is also arguable that a variety is actually a product, so the model can be re-interpreted as a description of product innovation along the cycle 7 We will be more specific about the evolution of the idiosyncratic productivity term when we describe the problem of entry and exit. 8 Our proof of existence of a unique symmetric steady state relies on the assumption that fixed exporting costs and entry costs are measured in the same units. This proof is in appendix A.1.
The term x(t) is an indicator function that captures the export status of the firm, being equal to 1 when it exports and 0 otherwise. Letting M C p;t (z) 9 denote the marginal cost of production, the optimal pricing rule is defined by:
which is the familiar result for problems with monopolistic competition and aggregate CES technology. Notice that marginal costs are a negative function of the firm-specific productivity term z; hence, more productive firms set lower prices. The choice of factors of production is determined by:
Under monopolistic competition, prices no longer equals marginal costs, implying that factor demands will be different from those in the efficient allocation 10 . Explicit formulas for the demand for factors of production are derived in appendix A.2. Finally, the substitution of the optimal choices back into the profit function gives that profits from domestic sales, d D;t (z); are:
and profits from export sales 11 ,d x (z):
9 With Cobb Douglas production function and labor share 1-, the marginal cost is of the form ; where r is the rental rate of capital stock in units of the home final good, and w is the real wage.
10 This is because factor demands are not chosen so as to equalize factor prices with the value of marginal products, as in the efficient allocation 11 We can split domestic from export profits because firms produce under constant returns to scale.
It follows that more productive firms set lower prices and earn higher profits. This is a feature of CES demand functions, which exhibit elasticities with respect to price that are greater than one in absolute value ( > 1). This property is vital for the characterization of the subset of firms that will export. More specifically, since profits are increasing in productivity and the fixed export cost imposes a non-convexity that leads to a decreasing average total cost curve, it is the most productive firms the ones that are more likely to export. In particular, since the relationship between profits and productivity is monotonic, we can characterize the export choice with a cut-off rule of the form:
where all firms whose productivity is greater than or equal to the cutoff productivity z x;t decide to export. Provided the lowest productivity firm is sufficiently low to ensure that z x;t is in the interior of the support of the distribution, there will always exist a subset of firms that decide not to export, endogenously determining a non-traded sector in the economy. Importantly, the size of this sector will differ across countries and change over time, in response to aggregate technology shocks. This adjustment in the extensive margin of trade is an new feature allowed by our economy with heterogeneous firms and is one of the main channels through which the micro-level heterogeneity feeds back into aggregate dynamics.
Entry, Exit and Ownership of Firms
Entry is modelled following Melitz (2003) . There is an infinite pool of forward looking potential entrants that consider paying a sunk entry cost f e of effective units of labor to get a productivity draw z from a common known distribution G(z), identical in both countries, with support [z min; 1): We assume no fixed costs of operation in the domestic markets, hence all firms in the support have positive profits. The idiosyncratic productivity is constant over the lifetime of the firm, which can be interrupted at any time with exogenous probability . These assumptions combined imply that there is a fixed ex-post distribution of productivities that is identical to the ex-ante distribution G(z), keeping the aggregation of the model tractable over the business cycle 12 .
Since productivities are drawn after payment of the entry cost, prospective entrants consider the average value of a firm in making their entry decisions. This is determined by the expected present value of average total profits and must equal the entry cost in equilibrium:
Uc(ct;lt)d is the present value of the expected stream of average profitsd t , discounted at the stochastic discount factor augmented to account for the exogenous probability of exit :
In order to give persistence to the evolution of the mass of domestic producers, we assume a one period lag for the new entrants before they become operative. In this way, the mass of domestic producers is a state variable in the model, that evolves according to:
We conclude this subsection establishing the property rights on the existing firms in the economy. GM conveniently assume, and we here imitate, that firms are owned by a mutual fund on which households can trade shares in the stock markets. The mutual fund pays dividends equal to the average total profits of active firms,d t ; and shares can be traded at a priceṽ t . The definition of the average value of the firm as the present value of the expected stream of average profits is a relationship that follows, as we shall see below, from the first order condition of the representative household's maximization problem.
Aggregation
In previous sections we argued that firms' idiosyncratic productivities will be distributed according to G(z), and we showed that there exists a cut-off productivity separating the set of exporting and non-exporting firms. The mass of exporting firms is then:
which pins down the share exporting firms directly from the assumed distribution of productivities and the cut-off.
In addition, it can be shown that all micro-level variables (individual prices, profits, etc) depend on the idiosyncratic productivity in the form 13 z 1 . For instance, to shed light on this result, consider the profits from domestic sales having replaced prices from the optimal rule: Melitz (2003) for further proofs It follows that average domestic profits are given by:
Following Melitz (2003) , we can construct a pair of statisticsz D andz x;t (similarly for the foreign country) that summarize the entire distribution of productivities of all firms and the exporting firms in the economy:z
Notice that the average productivity of domestic firms,z D , is independent of time as a consequence of the assumption of no fixed costs of operation, which implies that all firms in the support produce at least domestically. The average productivity of exporters, on the other hand, changes over time in response to aggregate productivity shocks.
The particular form on which micro-level variables depend on productivity implies that we can refer to average values of the variable with its value at the average firm. Then, continuing with the example of domestic profits, we can write average domestic profitsd D;t as the profits of the average firm d D;t (z D ): The results extends to average exporting profitsd x;t d x;t (z x;t ), average relative prices~ t t (z D ) and~ x;t x;t (z x;t ); and average total profitsd t =d
Finally, having characterized the microeconomics underpinning of the model more sharply, we can improve on the notation we used in the description of the final goods sector to characterize the consumption baskets, t and x;t . We now know that the former is composed of all the firms in the economy and has mass equal to N D;t , while the latter comprises the subset of firms with z 2 [z x;t ; 1) and has mass equal to N x;t : The aggregate price indexes, using the aggregation properties of the model, can therefore be written as:
In summary, there are two key features of the model that keep the aggregation simple and tractable at business cycle frequency. These are the assumptions of an exogenous exit rate and the absence of idiosyncratic productivity shocks, which tie the productivity distribution of firms to the ex ante distribution and keeps it isolated from the influence of the aggregate shocks. In addition, the shape of the CES demand function allows for the representation of aggregate variables in terms of sufficient statistics of the distribution.
Household's Problem
Each country is populated by a unit mass of households that choose consumption, investment in physical capital, investment in financial assets and hours worked to maximize lifetime utility according to:
C t denotes consumption, l t represents ours worked, the parameter 2 (0; 1) is the discount factor, is the coefficient of relative risk aversion and the share of consumption in utility.
The components the budget constraint depend on what we assume about the degree of completeness in international financial markets. Our benchmark environment is one where financial markets are exogenously incomplete, allowing households to trade only uncontingent bonds across borders. In addition, households can trade shares on the mutual funds that has property of all firms in the economy, although we assume stock markets are only open to agents of a given country. Since we acknowledge that assumptions about the financial structure might be important for the dynamics of micro and macro level variables in the model, we devote an entire section of the paper to study the role of this assumption, considering two additional cases: financial autarky and complete markets.
Letting ' t be the shares on the domestic mutual fund held by domestic household, the total amount of resources spent to accumulate shares is ' t+1 (N D;t + N e;t )ṽ t , where (N D;t + N e;t ) is the number of firms owned by the mutual fund andṽ t its average value in units of the home final good. For share holdings of ' t+1 in the next period, the household receives dividendsd t+1 from a fraction (1 ) of the (N D;t + N e;t ) firms in the mutual fund, and has the option to sell his shares at a value ofṽ t+1 N D;t+1 14 . Regarding the accumulation of domestic and foreign bonds, we adopt GM's specification of adjustment costs in order to recover the determinacy of bond holdings and the stationarity of the model. We denote home country's agent holding of domestic and foreign bonds with B t and B ;t , which earn a risk free rate of r B t and r
B; t
: Positions in the foreign country are defined symmetrically, being identified with a superscript.
14 Recall, from equation (14), that N D;t+1 = (1 ) N D;t + Ne;t
The budget constraint in the home country is:
where units are already in terms of the final good, and T stands for the lump sum rebate of the collected resources from the adjustment costs technology. The formulation of the budget constraint for the cases of financial autarky and complete markets are in the appendix.
Definition of Competitive Equilibrium
A competitive equilibrium in this economy is (the same elements apply to the foreign country): a) a set of consumption, labor, investment in physical capital and investment in financial asset choices, b) a set of price rules, factor demands and export decisions, c) demand functions for intermediate goods, d) a mass of new entrants N e , e) a cutoff productivity z x ; f) a set of iceberg, entry and fixed export costs and g) a vector of asset prices, wages, interest rates and the real exchange rate such that: 1) given g and d, a solves household's maximization problem; 2) given c, e, f and g; b solves the problem of the producers of intermediate goods and e satisfies the zero cutoff profit condition, 3) given f and g, d satisfies the free entry condition; and 4) markets clear. Market clearing requires wages and the real rate of return on capital to be such that factor demands in production, entry and exporting equal supply, the risk free rates of return on bonds to ensure that B t + B ;t = 0 and B t + B ;t = 0; and asset prices to adjust so that ' t+1 = ' t+1 = 1: Recall that with international bond trading countries can accumulate net foreign assets in equilibrium, the evolution of which is given by:
The Price Index in the Model and its Counterpart in the Data.
A well established property of CES production functions, which we adopted here for the production of final goods, is that they exhibit "love for variety". This means that even if physical quantities of intermediate goods do not change, aggregate output increases if the range of available varieties expands. This property becomes problematic at the stage of measuring aggregate prices, since the love for variety manifests in the theoretical price index as well, questioning its applicability for the comparison of the model's predictions with the data. To see this more clearly, consider the expression for the price index in the model:
As the economy experiences entry both to domestic and foreign markets, aggregate prices P t could fluctuate just for this reason, even if average prices remained constant. There is empirical evidence that this gains from variety go mostly unmeasured in CPIs, as documented in Broda and Weinstein (2006) . In order to get around this issue, GM and AC construct a price index where average prices are adequately weighted, by weights that add up to one. In particular, letP t = N 1 1 t P t , where
: Then,
This variety-adjusted price index is closer to the measure CPI in the data, but it assumes that the shares of domestic and exported goods change every period, while in reality updates to the consumption basket are done sporadically. Furthermore, even for constant shares of domestic and foreign goods, the average price of the imported goods fluctuates in the model in response to changes in the productivity cut-off of exporters, leading to what could be associated with product substitution or quality adjustment in the data. Assessing the extent to which these features are captured in CPIs is critical for the interpretation of our results
According to the Handbook of Methods from the Bureau of Labor and Statistics (BLS) 15 , the construction of the CPI has suffered several improvements in the recent years regarding the frequency of adjustment of base years and the consideration of product substitutions and quality adjustments. The consumption pattern of US households is identified from the Consumption Expenditure survey (CE), which since 1998 has increased its periodicity from a 10 to a 2 years lag. Furthermore, BLS employees are equipped with a replacement procedure to deal with products that seem to have been substituted out of the sample. Some of these instructions consist on sam- 15 Handbook of Methods, Chapter 17. The Consumer Price Index.
pling a new product whose qualities are closest to the original one, and treat it as a quality adjusted version of the lost item. In spite of the improvements made by the Bureau of Labor Statistics, updates in consumption expenditure shares and adjustments for quality and product substitution are still far from taking place at business cycle frequency. Therefore, we adopt as our benchmark definition of consumer price index one in which average prices are computed using constant expenditure shares and a fixed basket of imported goods. Denoting such measure of the CPI withP ; we havê
where the share of expenditure in domestic and foreign goods,
is not time dependent; and average foreign prices,p x;t ; are taken over a constant set of varieties z > z x . The measured real exchange rate, then, is given by:
Substituting average prices according to the optimal pricing rule of the firms, we can write RER as:
where T OE stands for terms of efficiency, and is defined as
The expression captures the evolution of relative effective marginal costs of production in each country, and constitutes the sole source of fluctuation in the real exchange rate under the assumptions we made for the construction of the price indices. Having prevented any direct participation of entry and the exporting decision on the real exchange rate, these margins of adjustment will have implications for the dynamics of the real exchange rate only through their general equilibrium effect on wages and the rental rate of capital stock.
The endogenous determination of the number and productivity of exporters also raises concerns about the computation of export and import prices, and thereby the terms of trade. In the model, they are given by
As it was the case with RER, ignoring the gains-from-variety effect, by fixing the number of domestic and foreign exporters and abstracting from changes in the composition of the set of exported goods, makes the dynamics of the terms of trade to be governed by the terms of efficiency.
Quantitative Analysis

Basic calibration
We start by choosing benchmark values for the set of relevant parameters trying to match features of the US economy at a quarterly frequency. We follow the standard choices in the literature for the discount factor of households ( ) of 0.99, for the intertemporal elasticity of substitution ( ) of 2 and set ; which governs the share of consumption in the households' utility, to target a steadystate level of 1/3 for hours worked. We also follow the usual choice for the depreciation rate of the capital stock ( K ) of 0.025 and we pick equal to 0.36 in order to have a capital income share close to 0.3 16 . For many of the other parameter values we follow closely Ghironi and Melitz (2005) (GM) in order to highlight the differences arising from the interaction between entry and exit to domestic and local markets with the standard investment and labor margins. Iceberg costs are set to = 1:3, as in Obstfeld and Rogoff (2001) and GM, and are readjusted in our various experiments to maintain a constant import share on GDP. For the fixed cost of exporting, f x; we choose it so as to match a steady state fraction of exporting firms of 21%, in line with the empirical findings for the US by Bernard et al.(2003) . As long as we are not interested in a specific target for the mass of domestic firms in steady state, we have one degree of freedom at choosing f e ; so we normalize to be equal to1 17 . Following Bernard et al. (2004) , we choose the Pareto shape parameter to be 3.4 in order to reproduce in the model the standard deviation of log sales of 1.67 in US plants.
For our benchmark case we make the elasticity of substitution among domestic varieties ( ) equal to the elasticity of foreign and local goods ( ) and set it to 3.8. A value of theta of 3.8 implies 16 In our model is not the capital income share given the presence of profits 17 In the appendix we show that only the ratio fx fe matters for the calibration of the steady-state share of exporting firms. a mark-up of 35.7% relative to marginal costs, which is in the range of 3% to 70% of different empirical studies as documented by Schmitt-Grohe (1997) . The standard choice in the international literature is a mark up lower than 20%, nonetheless, our model delivers a lower mark-up over average costs than over marginal costs as firms pay sunk entry costs. In the sensitivity analysis we vary and and allow for lower mark-ups and higher complementarity between foreign and domestic goods. The death parameter ( ) is set in our benchmark specification at 0.025, which is consistent with an exogenous destruction rate of 10% in annual terms, as in GM and other papers with entry such as Restuccia and Rogerson (2008) . Finally, we add small adjustment costs to bond holings to induce stationarity in the model. Regarding the specification of the two stochastic processes, we follow closely BKK. The source of uncertainty is coming from aggregate productivity shocks for both the domestic and the foreign country. Using the estimates by BKK for Europe and the US, we allow for a small, positive spill-over effect between the two countries and some persistence to the productivity shock. The stochastic process can be written in the following way:
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The standard deviations and the correlation of the innovation is .00852 and .258 as suggested by BKK 18 .
Baseline Results
Business Cycle Moments
We report in table 1 the main statistics of the simulated model at the business cycle frequency. In addition, we compare the statistics of the model when we preclude the possibility of accumulation of physical capital and endogenous labor supply, as in GM, and when the two extensive margins of entry and exporting are shut down, as in the benchmark BKK 19 .
For the most part, our model with entry and fixed costs of exporting shares the successes and failures of the bencmark BKK in terms of international comovements of aggregate quantities and correlations between quantities and relative prices. Regarding aggregate volatilities, although similar to the BKK model, we do observe a novel pattern implied by the extensive margins we consider: output, investment and the trade balance are less volatile, in the case of the last two being a desirable feature that puts the standard deviations of net exports and investment roughly at their value in the data, while falling short in exogenous process of aggregate productivity. In the closed economy version of the model, T F P = ZM 1=( 1) ; given our relatively high number for , the propagation effect is quite small and our results don't change when adjusting the stochastic process to account for it.
19 Data is from Heathcote and Perri (2002) , except for the Correlation between CH/CF and Terms of Trade, taken from Corsetti, Dedola and Leduc (2007) . Volatility of entry is from our own calculations. Details are in the Appendix terms of the volatility of output. In contrast, entry of new firms stands as a very volatile variable, displaying the highest standard deviation relative to GDP, equal to 4.67. The key economic force at work is that allowing for entry dampens the volatility of physical capital accumulation. Faced with a positive productivity shock, effective labor units are in higher net supply in the home country and thus expanding the number of firms is relatively cheaper than accumulating physical capital. In addition, by expanding entry the economy increases the active number of firms in the following period which, under our CES specification, increases the rate of return of capital stock, therefore reinforcing the incentive to delay investment and prioritize entry. As a result, investment, output and net exports are less volatile than what they would be in an economy with no extensive margins 20 .
International correlations are counter-factually negative in our model, as in BKK. The reason here is that the endogenous entry decision to both domestic and foreign markets does not interfere with the economies' incentives to transfer capital and hours worked to the country that it is more productive. Recall that the direction of capital flows is to large extent a function of the amount of risk-sharing allowed by the financial structure in the model. For this reason, we devote an entire section of the paper to study the role of the financial structure.
The model's prediction regarding the correlation between relative consumption and the real exchange rate is sensitive to our assumption about how the latter is constructed. Under our benchmark definition, RER, the correlation is still positive, equal to 0.92, in accordance with the Backus and Smith puzzle. On this dimension, too, the model with endogenous entry and fixed export costs performs as poorly as the model with no extensive margins. However, if we allowed the expenditure shares and the composition of the tradeable goods to change in the price index, the correlation would turn negative, as in the data. Since for this case the dynamics of the real exchange rate directly reflect the responses of the extensive margins in the model, its is worthwhile to isolate the response of each of them independently, so as to understand its maeginal contribution. We perform such decomposition in the next section.
In contrast with the similarity of the results between our model and BKK, the differences between our benchmark specification and a model with physical capital and labor, as in GM, are stark. First, as shown in the third column of table 1, the standard deviation of output is about half of that in the data, and the trade balance exhibits almost no changes during the cycle, with a volatility of 0.07. The absence of capital and the intensive margin of labor are responsible for the lack of propagation and amplification mechanisms in this specification. Although the entry of new firms turn highly volatile, with a standard deviation of 5.26 times that of GDP, this is not enough to bring the volatility of output sufficiently close to the data.
The absence of capital stock and the labor denomination of entry costs are at the core of why the trade balance doesnt respond to aggregate productivity shocks. Had there been capital in the model, the home country would have increased the imports of foreign intermediate inputs to expand the production of final goods, which would have enabled an increase in investment and a further increase in final output, once the capital stock has been built and put to use by the intermediate good sector. Lacking this margin, the home country expands the production of new firms, which are made out of labor, without the need of importing more goods from abroad. That consumption and output display identical correlations across countries is a direct result of the resource constraint for the final good: consumption must be equal to output. For this reason, it is not surprising that this version of the model would be less subject to the consumption-output anomaly, namely that output is more highly correlated across countries than consumption. When the home country experiences a high productivity shock, households in the foreign country will increase their consumption thanks to the proceedings from international bonds. However, the only way in which the foreign country can enjoy more consumption at the time of low productivity is through higher relative prices. The real exchange rate will appreciate and because of that it will be negatively correlated with the consumption ratio of the two economies. Overall, output will turn out to be highly correlated across countries but will display little volatility, as it can be seen from the 0.69 value reported in the table.
In summary, we find the following to be the most salient features of our quantitative analysis: 1) there is a dampening effect of entry on physical capital accumulation, that helps replicate the volatilities of investment and net exports without imposing ad-hoc assumptions about the cost of adjusting the stock of capital, or an implausibly low value of the cross-country elasticity of substitution, 2) the model is still subject to the international co-movement puzzles, present in the standard model, and cannot resolve the consumption-output anomaly, predicting the former to be more strongly correlated across countries than the latter; and 3) the possibility to revert the positive sign of the correlation between relative consumption and the real exchange rate depends critically on the assumption about how the latter is constructed. Under a definition that more closely resembles the practices in statistical agencies, the correlation is still positive and high.
The Role of Entry and Fixed Costs of Exporting
The purpose of this section is to isolate the individual contributions of entry and the endogenous exporting decision for aggregate variables in the model. Although business cycle statistics were similar to those of the model with a representative firm, we did find a novel interaction between entry and investment, which manifests also in the volatilities of all aggregate quantities in the economy and in the dynamics of the real exchange rate, when allowing for changes in the composition of the consumption basket. Prevented from obtaining analytical results, we offer a numerical analysis that aims at clarifying the mechanism by which entry and fixed exporting costs affect the dynamics of investment and a particular measure of the real exchange rate.
The Elasticities of Entry and the Number of Exporters
Consider the following specification of the entry and fixed exporting cost functions:
where variables without subscripts refer to steady state values. N D is the steady state number of domestic producers, and z X is the steady state export productivity cutoff, which pins down the fraction of exporting firms. Under this specification, the economy incurs an additional cost for increasing the total mass of producers and adjusting the fraction of exporters. The severity of the adjustment costs are determined by e and x ; which were set to be zero in the previous section. By experimenting with different values for these parameters, we can control the elasticity with which entry and the extensive margin of trade respond to productivity shocks and, hence, identify the marginal contribution of these two channels for aggregate dynamics.
Notice that the specification of entry and fixed costs parsimoniously nests three limiting cases of interest: 1) setting e and x to be sufficiently large, we would effectively be considering an economy with constant number of firms and a fixed fraction of exporters, resembling the representative firm framework in BKK 21 , 2) setting e sufficiently large and x = 0; we would be considering an economy where the number of firms is constant, differing from BKK only in that there is an extensive margin of trade. This is an interesting special case, since it is close to the environment in Alessandria and Choi (2007) 22 . Finally, 3) letting x be a large number and e = 0;
we would be departing from BKK in that there is entry of new firms only, with a constant share of exporters. In all cases, the steady state of the model remains unaltered.
The Elasticity of Entry
We let e to range from 0 to a level that is high enough to keep the number of producers constant 23 ,
while keeping x large, so that we parsimoniously converge to BKK. We first report standard deviations and correlations for a selection of aggregate variables as a function of the adjustment cost parameter, and then explain the mechanisms at work through and impulse response analysis. Figure 1 illustrates the volatility of entry and investment, relative to GDP, on the left panel; and the volatilities of hours, investment, consumption and output on the right.
Figure 1: The Role of the Elasticity of Entry for Domestic Aggregate Quantities
The dampening effect of entry on investment is ilustrated in the left panel of Figure 1 . As the cost of creating new firms increases, the standard deviation of entry relative to output starts to fall, while the volatility of investment rises. Output's volatility goes up too, but it does less so than investment, which is why the standard deviation of investment relative to output goes up. As a result of the subdued volatility of entry, the response of hours worked is now smoother, its volatility being about half its value when e is very large relative to the benchmark.
The left panel of Figure 2 displays the sensitivity of the standard deviations of the number of exporters, exports and the trade balance relative to output. In the case of net exports, we refer to the standard deviation of T B Y . We can see that the trade balance picks up part of the higher volatility of investment. The close relationship between these two variables is a standard feature of international business cycle models. Higher entry costs encourages accumulation of physical capital, which in its turn pushes up the volatility of net exports relative to GDP. Regarding the number of exporters, our experiment shows that the higher the penalty for creation of new firms, the lower the cyclical response of the mass of exporters. This result is just because changes in the number of exporters are entirely driven by changes in the overall number of producers, as we have precluded fluctuations in the fraction of exporting firms by setting x very large. On the other hand, the volatility of exports relative to output, displays little sensitivity to changes to e . Given that output is more volatile for high values of e , the volatility of exports has to be increasing too. To achieve a stronger response in exports, with an extensive margin of trade that is getting less variable, terms of efficiency must be depreciating and pushing up the intensive margin. The right panel of the figure shows that the correlation between relative consumption and RER goes up along with e .
A result of the stronger depreciation of our baseline definition for the real exchange rate is that, not only the Backus and Smith puzzle prevails for all values of e , but it gets worse as this parameter value rises. Furthermore, for high values of e ; which imply that entry is relatively inelastic over the cycle, there is a positive correlation between our alternative measure for the real exchange rate, RER 2; and the consumption ratio. Therefore, only in scenarios where entry shows a high elasticity respect to aggregate productivity shocks and the RER capture directly all the effect of this extensive margin, the model can offer a solution to the Backus and Smith Puzzle.
Impulse Response Analysis
We now study the impulse response functions of the economy to a one standard deviation positive productivity shock to the home country, considering three possible values for the adjustment cost parameter: e = 0, the benchmark, e = 1 and e equal to a very large number, so as to approximate a zero net-entry scenario. The goal is to further clarify the role of the elasticity of entry for the volatility of aggregate quantities and for the dynamics of the real exchange rate. Figure 3 illustrates the impulse response functions of output, investment, hours, the rental rate of capital stock, entry and the trade balance: In figure 4 we reproduce the impulse response functions of the real exchange rates (RER and RER 2 ), the home and foreign export cutoffs, the number of domestic and foreign firms, and the number of domestic and foreign exporters. Figure 3 conveys the same message: the lower the cost of expanding the number of firms, the more the economy relies on this device to smooth out the shock and the least it does on physical capital accumulation. We explain below how the following three features of the model interact in yielding this pattern: 1) new firms are created out of effective labor, 2) there is a one period lag before firms become productive and, 3) everything else equal, more firms increase the rate of return to capital stock. The first two are assumptions of the model, and the last follows from the CES technology adopted for the production of final goods, under which the number of firms acts as if it where part of the TFP of the economy 24 . When a positive shock hits the home economy, effective units of labor and capital are abundant relatively to the foreign country, which is manifested in that the terms of efficiency has gone up. The foreign component of intermediate inputs, out of which the final good is partly produced, is now relatively more costly, and hence the home country exploits the more favorable terms of efficiency to expand the number of firms, at the expense of investing in capital stock. When the adjustment cost of new firms is high, the pattern is reversed, and the economy relies more heavily on physical capital accumulation. In this sense, incorporating an endogenous entry decision into the standard model provides a realistic substitute for the ad-hoc assumption of adjustment costs to physical capital accumulation or for extremely low values of the international elasticity of substitution, typically imposed in the standard model to avoid implausibly large capital flows across countries.
Another novel feature of the interaction between entry and investment refers to the duration of expansions. For our benchmark calibration with e = 0; although entry dampens the response of investment upon shock, it amplifies it in the following periods. We can see this from the impulse response functions of output, investment and the rate of return to capital stock, which increase the by least amount in the period of the shock when e = 0, but stay higher than in all other cases a few periods after. The reason is that new firms take a one period lag before becoming operative, but once they are, a higher number of firms acts as if the TFP of the economy has gone up. Hence, the time to build lag and the resemblance of the number of firms with TFP make the rate of return to capital and investment to remain high for a few periods after the shock. Figure 4 contains the graphs that are relevant for understanding the dynamics of RER 2 : It is helpful here to reproduce the log-linearized equation of RER 2 , which is identical to that in GM:
Variables in italics denote percentage deviations from steady state, and s D stands for the share of expenditure in domestic goods 25 . The first term reflects movements in the real exchange rate that are due to changes in the terms of efficiency, the second captures the effects coming from adjustments in each country's set of exporters, and the last term corresponds to changes in the real exchange rate that follow from adjustments in the share of domestic and foreign varieties in expenditure. Recall that throughout this section we have kept constant the fraction of exporting firms setting x to be large, which is why the export cutoffs z x and z x do not respond to the productivity shock. Therefore, the dynamics of RER 2 will be dictated only by the terms of efficiency and fluctuations in expenditure shares of domestic and foreign goods. The real exchange rate RER increases in all three cases, but it does it the least when e = 0. With an elastic margin, entry puts stronger pressure on domestic labor and capital markets, and pushes up the effective marginal cost at home relative to abroad. Since productivity is temporarily high in the home country, it increases the effective supply of capital and labor and it helps to meet the higher demand without only adjusting prices. Therefore, the overall effect is to depreciate the terms of efficiency.
Entry of new firms goes up in the home country, increasing the share of expenditure in domestic goods once those new entrants start production one period after. Since domestic goods are on average more expensive than imported ones 26 , the expenditure switching effect favors an appreciation of the real exchange rate RER 2 : Upon shock, when the new firms have not yet started production, the depreciation of the terms of efficiency rule the dynamics of RER 2 , but the pattern gets reversed in the following period, when the real exchange rates appreciates in its trajectory to the steady state. Overall the initial depreciation implies a low, but still positive, correlation between RER 2 and relative consumptions. When the adjustment cost parameter is too high, the period of appreciation of the real exchange rate disappears, pushing the correlation to an even higher positive value.
The Elasticity of the Share of Exporting Firms
We now focus on understanding the contributions of the extensive margin of trade, while we abstract from entry of new producers. For this purpose, we experiment with different elasticities for the fraction of exporting firms, x , keeping constant the elasticity of entry at a large value, having BKK as the limiting case. Results are in figures 5 and 6. The first graph shows how little it takes to make the extensive margin irresponsive to shocks. As soon as x becomes positive, the volatility of the export cutoff falls almost to zero, and the number of exporters fluctuates only because of variations in the number of firms 27 Endogenously determining the set of exported good does not seem to be adding significant contributions to the volatilities of aggregate quantities. Investment, exports and the trade balance are only slightly more volatile when adjusting the fraction of exporters is costless, but magnitudes remain within plausible ranges for all values of x : Figure 6 conveys a similar message about the role of the adjustment cost of the share of exporters for the correlation between the ratio of consumption and the benchmark definition of the real exchange rate, RER. The correlation with the real exchange rate as defined in RER 2 , on the other hand, behaves differently when x = 0, that when it is positive. In the latter case, the correlation between relative consumption and RER 2 is pretty much identical to that under the benchmark definition and stays flat for values of x that are bigger than 0. When x = 0, the correlation gets as low as 0.4, half the value under the other cases, but still well above zero.
We interpret the results that featuring an active extensive margin of trade adds little to the performance of the standard BKK model, resembling the conclusion in Alessandria and Choi (2007) . Although that paper had a richer non-convexity structure to the exporting decision, with both fixed and sunk costs, our specification with only fixed costs of exporting seems to be a good approximation to their results.
Sensitivity Analysis
The Role of the Financial Structure.
The response of the economy facing different financial structures is well understood for the BKK benchmark. However, there is no such knowledge for economies that feature heterogeneous firms, entry and endogenous export decisions. Heathcote and Perri (2002) , for instance, find that economies endowed with complete financial markets or restricted to trade a single uncontingent bond yield similar quantitative results, while assuming financial autarky improves the fit of the model in terms of prices, worsening it in terms of quantities. Kehoe and Perri (2002) en- dogenously restrict risk sharing across countries by assuming limited enforceability of contracts, finding that such institutional arrangement can revert the incentives to shift capital to the more productive economy, thereby reversing the negative cross country correlation of investment and hours worked that the standard model delivers. Our goal in this section is to document the importance of the financial structure for the behavior of micro-level variables, and its repercussion on the aggregate economy. To this end, we follow Heathcote's and Perri's (2002) approach and consider three alternative specifications: complete markets, international bond trading 28 and financial autarky 29 .
Several patterns highlighted in earlier work appear in our model with entry, endogenous exporting decision and heterogeneous firms too, reinforcing the idea that these margins seem to be adding little innovations to the benchmark BKK model. The more risk-sharing opportunities we give to the household, the lower the volatility of consumption but the higher the volatility of every other aggregate quantity. The international co-movement failure is also worsened as more risk sharing is allowed, in accordance with the finding in Heathcote and Perri (2002) .
We do find the financial structure to have an important effect over the interaction between entry and investment. Under complete markets the dampening effect of entry is weaker, since there are higher incentives to reallocate production towards the most productive economy. As a 28 Our benchmark specification in previous sections. 29 In section 2, where we described the model, we specified how each financial structure enters into the budget constraint of the households, and fits into the definition of the equilibrium result investment, net exports and output are more volatile. On the other end of the spectrum, under financial autarky, the lack of risk-sharing possibilities enhances the role of firm creation, pushing upwards the volatility of entry, which reaches a peak of 5.9 times the volatility of output, and with it, the volatility of hours worked, which is almost as volatile as output. As a mirror, the volatility of investment relative to output drops to 1.9.
The interaction between financial markets and the degree of dampening induced by entry over investment has also implications for the model's prediction regarding the Backus and Smith puzzle. In the case of complete markets, even under our baseline measurement of the real exchange rates the correlation between the real exchange rate and the ratio of consumption is negative, as in the data. This may stand as counter-intuitive, given the theoretical relationship that complete markets imposes between relative consumption and relative prices through the risk-sharing condition:
Although this is an equilibrium condition of the model with complete markets, the relative prices that participate in it is the model-based one, which we argued in a previous section is different from what we consider is comparable with the one in the data. Therefore, although risk sharing will always predict
to be positively correlated with the model-based real exchange rate, this need not to be the case under the more realistic definitions we considered in the quantitative analysis. The figure above depicts the dynamics of micro-level variables, together with investment and the two definitions of the real exchange rate. Notice the differential response of the terms of efficiency, which governs the dynamics of our baseline definition of the real exchange rate, across financial structures. Both under international bond trading and financial autarky, the terms of efficiency depreciate sharply upon shock, which is why its correlation with the ratio of consumption is positive. Under complete markets, however, the terms of efficiency depreciate only slightly in the first period, then appreciates before it goes up again and converges to the steady state. As a result, the correlation between the terms of efficiency and relative consumption falls, reaching a value of -0.13 for our parameter values.
The reason why the initial depreciation is smaller with complete markets is that facing a positive aggregate productivity shock, the home country increases investment and the entry of new firms more strongly, exercising an additional pressure on the market for factors of production. As the higher number of entrants start producing, the demand for labor and capital goes up even further relative to the foreign country, hence making the terms of efficiency go down a few periods after the shock. This dynamic is accompanied by the usual increase in C C that takes place after positive productivity shocks to the home economy 30 , translating into a negative correlation between the two. Although the sensitivity of the usual business cycle statistics to the financial structure is similar in our model with entry and fixed export costs to that of the standard model, we do observe the degree of market incompleteness to be important for the dynamics of the micro-level variables of the model. The export productivity cutoff and the fraction of exporting firms are specially sensitive to the assumptions about the financial structure in the model. Hence, assumptions about the financial structure may be relevant for studies that focus on the dynamics of micro-level variables, and aggregate variables that depend directly on them 31 .
The degree of substitution between local and foreign varieties ( ).
The double nested CES technology we assumed for the production of the final good allows varying the degree of substitution between domestic and foreign varieties without affecting the level of mark-up of intermediate producers.
In table IX, we present the main statistics for cases where varies from 1.5 to 5. 30 We did not report the impulse response for C C , but it is well understood that, even under complete markets, this variable increases after positive productivity shocks. 31 This would be the case, for instance, if one were interested in understanding the dynamics of exports, and its decomposition in terms of the intensive and extensive margin, against a trade liberalization or a pernanent reduction in fixed export costs. The higher the complementarity between local and foreign goods, the lower the volatility of output, net exports and investment. A high complementarity discourages the reallocation of factors from the less productive country to the most efficient one, dampening the overall volatility of the model, but increasing the relative importance of firm creation. Again, hours worked and entry are more volatile relative to output for the cases where investment, exports and trade balance exhibit low volatilities.
Other papers in the literature have solved the commovement puzzles by using very low elasticity of substitution between domestic and foreign production. In our model, the CES aggregator imposes a constraint in how low this parameter can be, but as it approach towards the lower bound of one, in which the shares of domestic and imported goods are constant, the cross-country statistics improve, in the sense that countries exhibit a higher positive cross-correlation of output and a lower negative cross-correlation of investment and hours worked. The two extensive margins we introduced in the model are not of a particular relevance for this conclusion; the improvement of cross-country correlation because of a lower elasticity of substitution between domestic and foreign goods will be also true for the BKK model. On this front, we re-state as we did in the calibration section, that we favored a calibration in which the elasticity of substitution is higher because despite it counterfactual statistics regarding international co-movements, it is consistent with the trade elasticity found in empirical papers.
A higher degree of complementarity is also important for our alternative measure of the real exchange rate. A lower elasticity of substitution eliminates the effect of consumption switching towards domestic goods and the selection effect, both key ingredients for the appreciation of our second measurement of the real exchange rate RER 2 . Moreover, for lower than 2.5, the model loses its ability to predict a negative correlation between the ratio of consumption and the RER 2 . When is equal to 1.5, the two alternative definitions of the real exchange rate render a positive correlation with the consumption ratio. We conclude from this section, that our main findings regarding the role of the two extensive channels do not depend on the specific parameter value we choose for , but that varying this parameter we can further identify the main forces shaping our main results. When domestic and foreign goods are not easily substituted, differences in productivity will not be accompanied by a strong reallocation of production towards the most productive economy, as the two economies will have to respond with higher production in a similar magnitude. In this case, investment will remain subdued relative to case where there is a strong reallocation effect, and entry will carry most of the adjustment.
Conclusion.
In light of the lack of consensus in the literature about the contribution of adding entry and exporter selection into the standard model of international business cycles, we built a model that considered both entry to domestic and foreign markets, along with the usual investment and labor decisions standard in business cycle analysis. Our environment differed from Ghironi in Melitz (2005) in that it interacted entry and fixed exporting costs with physical capital accumulation and endogenous labor supply, features that were left out of their analysis. At the same time, we extended Alessandria and Choi (2007) , where labor and capital where endogenous, and exports was subject to both fixed and sunk costs; by also considering entry of new firms. We conjectured that bridging the two models would help us settle the discussion about the controversy posted above.
For the most part, our conclusion is that entry and export decisions add little innovations to the predictions of the standard BKK model, sharing most of its successes and failures in terms of aggregate volatilities and international correlations. We do find, however, a novel interaction between firm entry and physical capital accumulation in which the presence of the former dampens the response of the latter. Further empirical work with micro-level data could shed some light for the predictions of the model in terms of the volatility and the cross country correlation of firm creation.
Appendix
Data
We use the Business Dynamics Statistics (BDS) from the US Census Bureau to calculate our statistics on entry of new firms and establishments. The BDS is annual and goes from 1977 to 2005. It covers all non-farm private establishments in all sectors of the economy and firms can be tracked by their size, age, initial state of location in a particular state. The data base contains information on entry, exit, job creation and job destruction at the establishment and firm level. Our numbers for labor share of new firms are taken directly from the dataset while we need some computations to calculate the labor share accounted by new establishments. The labor accounted by new firms averages 3.29% for the 1977 to the 2005 period. In the public available dataset there is not direct information of employment by new establishments. Hence, we impute how many employees are hired by new establishments of different sizes, assuming that a new establishment of a specific size will have the same labor share as existing establishments of the same size. According to our numbers, the average for this number over the period in reference is 8.39%. For our numbers regarding volatility of entry we took the aggregate series of new establishments and compute its cyclical deviations from a trend using the HP filter. The smoothing parameter we use is 6.5 a suggested by Ravn and Uhlig for annual data.
Complete Markets and Financial Autarky
We first formulate the budget constraint of the household in the alternative financial structures we consider, and then we adapt market clearing conditions in the definition of the equilibrium correspondingly.
Budget Constraints
Financial Autarky
Here we assume that households have no access to financial markets in the other country, thus being restricted to trade shares of the mutual fund and domestic one-period risk-free bonds that pay an interest r B t : The budget constraint, in units of the home final good, is:
where investment in physical capital is given by I t = K t+1 (1 k )K t 1 . The same budget constraint holds for the foreign household. ; must be such that B t = B ;t = 0; ' t+1 = ' t = 1, and there is balanced trade 
Complete Markets
Under complete markets the equilibrium condition for Arrow securities is implied by the risk sharing condition:
Existence and Uniqueness of the Symmetric Steady State
We now determine the set of equations that characterize a symmetric non-stochastic steady state where Z = Z = Q = 1, and Y C = Y C; = Y . We do this for the case of financial autarky only, although the steady state is the same across financial structures.
Price Indexes:
From the equations for the price index we get: 
Resource Constraint for Final Goods It can be verified that, from our choice of the final good being the numeraire, taking the resource constraint for the final good and imposing symmetry in steady state gives us back the price equation.
Labor Leisure Condition
In addition to all these, we have the clearing conditions for the markets of labor and capital stock.
Suggested Algorithm to Solve for Steady State
As in shown in Melitz (2003) , the characterization of the steady state symmetric equilibrium is mainly determined by the interaction of the free entry (FE) and the zero-cutoff profit (ZCP) condition. This is not going to change in our extension that includes endogenous labor and physical capital stock. For instance, combining the expression for 1 r w 1 A into the average total profits equation, we get:
Although a couple of terms could be cancelled here, we rather don't do it for the moment. Considering this in the free entry condition: Note that FE and ZCP, in combination with the equation for N x =N d and the Pareto property thatz x = vz x ; pin down 33 the cutoff productivity for exporters and the term . We can recover all other variables once we've determined this 2.
Demand Functions for Labor and Capital Stock in Production
From the FOC of an intermediate good producer with respect to l(z) and k(z) we combine to obtain:
Substituting in the resource constraint for firm with productivity z, making use of the demand functions for the variety, the pricing rules, and the expression for the marginal cost, A , it results that:
Using this to recover k(z) from A.1 we get:
As a result of the simplifications generated by the Pareto parametrization, this system can be solved by hand.
Importantly, these expressions establish that it is also going to be true for labor and physical capital demands that the average demands are equal to the demands for the average firm. That is, the inclusion of capital into the model does not complicate the aggregation of variables across firms.
Making use of the statistics for average productivities, and aggregating across all domestic and exporting firms, this functions become; 
First Order Condition to Household's Problem
The labor-leisure condition:
Financial Autarky:
The Euler equations for capital stock accumulation and bond holdings:
Similarly in the foreign country.
International Bond Trading
The Euler equation for the accumulation of bonds becomes, in the home country:
Similar equations hold in the foreign country. Recall that budget constraints were expressed in units of the final good in each country, so the real exchange rate will enter differently in the Euler equations at home and abroad in order to convert foreign payments in to domestic real units.
Complete Markets
Although the domestic risk free assets become redundant, the FOC defined in financial autarky still holds under complete markets. What is new under complete markets is that the trade of a complete set of Arrow securities allows for full insurance of all idiosyncratic risk:
